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Cognitive load theory* Corresponding author. Faculté des Sciences du
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Objectives: We used a cognitive load perspective to investigate the effects of levels of learner expertise
and different forms of segmentation in learning from animated soccer scenes.
Method: Expert and novice players (N ¼ 48) completed a recall reconstruction-test and rated their
invested mental effort after studying a continuous animation, a macro-step and a micro-step segmented
animation.
Results: Findings demonstrated an expertise reversal effect for segmentation. It positively affected
learning outcomes of novices but not experts (even though they still invested less mental effort and
repeated the animation less often in the two segmented conditions). Additionally, novices benefited
more from micro-step segmentation than from macro-step segmentation, while experts performed at
the same level with both forms of segmentation.
Conclusions: Study results suggested that adapting instructional animation formats to players with
different levels of expertise should be a crucial part of successful training.
 2012 Elsevier Ltd. All rights reserved.The key feature of team sports, such as soccer, is that they are
dynamic, meaning that situations of play change continuously over
time, and information available at one moment is not available in
the next moment. Animations are considered to be the most
convenient instructional media for demonstrating explicitly these
situations (Tversky, Morrison, & Betrancourt, 2002). Both coaches
and educators assume that animations are more effective than
static pictures because an observer can directly perceive players’
movement in the field (e.g., motion, acceleration, trajectory) rather
than having to mentally infer them (e.g., using mental animation,
Hegarty, 1992). Furthermore, since animations are usually very
appealing and attractive, they can also increase learners’ motiva-
tion (Barak, Ashkar, & Doro, 2011; Chandler, 2009).
However, despite these assumptions, many studies have
concluded that animations are at best no more effective, and
sometimes even less effective for learning than static pictures (e.g.,Sport, Case Postale 910, 163
33642103201.
Khacharem).
All rights reserved.Boucheix & Schneider, 2009; Hegarty, Kriz, & Cate, 2003; Mayer,
Hegarty, Mayer, & Campbell, 2005; Tversky et al., 2002). It has
also been demonstrated that some types of animations that are
representative (i.e., the content to be learned is explicitly depicted
in the animation vs. animations serving purely decorative roles),
realistic, and involve procedural-motor knowledge may be more
effective for learning than static visualizations (Höffler & Leutner,
2007; Van Gog, Paas, Marcus, Ayres, & Sweller, 2009).
In order to improve learning from the animations, a number of
design guidelines have been proposed (for reviews, see Mayer &
Moreno, 2003; Wouters, Paas, & Van Merriënboer, 2008). One of
these design guidelines is segmentation which recommends
showing animations in pieces rather than a continuous flow of
information (Mayer & Moreno, 2003; Moreno & Mayer, 2007;
Spanjers, Van Gog, & Van Merriënboer, 2010). However, research
within a cognitive load framework has demonstrated that design
guidelines which are effective for novices may have no effect, or
even a negative effect, for more advanced learners. This phenom-
enon is called the expertise reversal effect (for reviews, see Kalyuga,
2007; Kalyuga, Ayres, Chandler, & Sweller, 2003; Kalyuga, Rikers, &
Paas, 2012). Accordingly, a number of studies have indicated the
A. Khacharem et al. / Psychology of Sport and Exercise 14 (2013) 154e160 155occurrence of an expertise reversal effect with regard to segmen-
tation of dynamic visualizations (Schnotz, 2002; Spanjers, Wouters,
Van Gog, & Van Merriënboer, 2011).
The aim of the present study is to investigate the effectiveness of
different forms of segmented animations in learning a sequence of
play in soccer. An important part of this aim is to establish whether
the effectiveness of segmentation is influenced by levels of learner
prior knowledge (levels of expertise).
Cognitive demands of learning from animations
Learning from a complex external display such as an animation
involves the construction of an internal mental model that accu-
rately represents the referents of the external display (Kriz &
Hegarty, 2007). Animations are often not easy to understand
because they impose high cognitive demands that exceed the
learners’ limited working memory (WM) capacity, resulting in
a cognitive overload (overwhelming, Lowe, 1999; 2004). Inversely,
animation may decrease learners’ cognitive engagement (under-
whelming, Lowe, 2004) and lead to an illusion of understanding
(Bétrancourt, 2005).
Cognitive load theory (Sweller, 2005; Sweller, Ayres, & Kalyuga,
2011; Sweller, van Merriënboer, & Paas, 1998; Van Merriënboer &
Sweller, 2005) suggests that learning from animations often fails
because they are not designed in alignment with human cognitive
architecture. This architecture includes WM with limited duration
and capacity (Baddeley, 2003) when dealing with unfamiliar
information, and long-term memory (LTM) with an unlimited
capacity. There are different categories of cognitive load experi-
enced by learners. Intrinsic cognitive load is inherent to the
learning material. It depends on the number of information
elements and their interactions that must be processed simulta-
neously. Intrinsic load is always influenced by levels of learner
expertise. Domain-specific knowledge structures stored in long-
term memory allow experts to encapsulate large amounts of
information in larger chunks that are processed as single items,
thus reducing intrinsic cognitive load. Extraneous cognitive load, in
contrast, is not inherent to the learningmaterial but depends on the
design of material, and it is imposed by presented information and
required activities that impede the learning process. This load
causes learners to unproductively waste their limited working
memory resources on tasks and activities that are not directly
related to learning. Working memory resources that are devoted to
dealing with productive, intrinsic cognitive load are referred to as
germane cognitive resources (Sweller et al., 2011). In instruction, it
is important to increase germane resources and decrease unpro-
ductive waste of working memory resources (e.g., Sweller et al.,
1998; Van Merriënboer & Sweller, 2005).
According to cognitive load theory, animations often generate
high extraneous cognitive load because the presented information
is transient, meaning that information presented at one moment
makes place in WM for new information presented at the next
moment (e.g., Ainsworth & Van Labeke, 2004; Ayres & Paas, 2007;
Mayer & Moreno, 2003; Moreno & Mayer, 2007; transient infor-
mation effect in Sweller et al., 2011). When viewing transient
animations, learners are required to process current information
while simultaneously trying to maintain previous information and
integrate it with new information and knowledge in LTM. If current
and previous information have to be considered simultaneously,
comprehension may be problematic because of the temporal
limitations of WM (Ayres & Paas, 2007; Hasler, Kersten, & Sweller,
2007).
Animations consist of series of successive frames or pictures. If
picture A is learned first and followed by picture B, learning of
picture B may interfere with and impede the recall of A. Thisphenomenon is called interference or retroactive inhibition (Mayer,
DeLeeuw, & Ayres, 2007). Furthermore, animations portraying the
functioning of dynamical systems (e.g., tactical systems of play)
often show several elements that change simultaneously with
respect to their position and orientation (De Koning, Tabbers,
Rikers, & Paas, 2007, 2010). Consequently, learners have to
spatially and temporally split their visual attention over the visual
display and continuously decide “what to look, when to look and
where to look” (Lowe, 2003; 2004; Schnotz & Lowe, 2008).
These cognitive processes may also overwhelm learner cognitive
system.
Segmentation effect and levels of learner expertise
A possible way to reduce extraneous cognitive load imposed by
an animation is to use the segmentation technique by dividing the
animation into a set of meaningful sequential units/pieces (e.g.,
Schnotz & Lowe, 2008; Spanjers et al., 2010). By inserting pauses or
time breaks between the segments, learners are provided with
additional time to process and integrate information received in the
previous segments without the need to simultaneously attend to
newly incoming information (Mayer & Chandler, 2001; Mayer &
Moreno, 2003; Spanjers et al., 2010). This technique may alleviate
the high extraneous cognitive load imposed by the animation’s
transience. Furthermore, segmentation may be seen as a form of
temporal cueing (Spanjers et al., 2010), because it allows high-
lighting micro- and/or macro-events in an animation (Meyer,
Rasch, & Schnotz, 2010; Zacks & Tversky, 2001) thus facilitating
the construction of well-structured and organized knowledge
in LTM.
Several studies have found beneficial effects of segmentation for
novice learners, particularly in enhancing performance (Boucheix &
Schneider, 2009; Hasler et al., 2007; Mayer & Chandler, 2001;
Mohamad Ali, 2010; Moreno, 2007; Spanjers, Van Gog, Wouters, &
Van Merriënboer, 2012) and in reducing invested mental effort
(Moreno, 2007; Spanjers et al., 2012, 2011). However, the recent
study by Spanjers et al. (2011) has demonstrated that the effect of
segmentation is influenced by levels of learner expertise. Learners
with different levels of prior knowledgewere presentedwith either
non-segmented animations (N-SA) on probability calculation or
animations that were segmented through 2-s pauses (SA) after
which the animations continued automatically. The results indi-
cated a significant interaction between levels of learner expertise
and instructional conditions on mental effort invested in studying
the animations and learning efficiency (i.e., an expertise reversal
effect for segmentation; Kalyuga, 2007; Kalyuga et al., 2003).
Learners with lower levels of prior knowledge required less mental
effort to achieve a similar level of performance from SA than from
N-SA, while more knowledgeable learners who had presumably
already acquired a sufficient knowledge base for dealing with the
transitivity of the animations, invested the same amount of mental
effort in N-SA and SA to achieve a similar level of performance.
The rationale of the study
According to the studies mentioned above, the effectiveness of
the learning process is dependent not only on the presentation
form of the animation, but also on the learners’ level of expertise in
the field. To investigate the potential interaction between these two
factors, we used soccer game activity, and particularly a counter-
attack scene. This type of soccer attack involves a restricted number
of players (approximately 6 players i.e., the midfielders and
attackers) who should carry out a rapid tactical combination of play
composed of a limited number of forward passes (approximately 5
passes) toward the opposition goal. During each pass, each player
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order to offer an appropriate solution to the ball carrier.
In this study, we used a recall reconstruction-test (Chase &
Simon, 1973) and a mental effort rating scale (Paas, 1992) to
determine whether segmenting a complex animation of an
offensive sequence of soccer would result in better learning
outcomes, lower mental effort and lower numbers of required
repetitions than presenting the same animation without
segmentation. Two forms of segmentationwere tested: micro-step
segmentation and macro-step segmentation. While macro-step
segmentation consists of inserting pauses after the movement of
all team players during a phase of play, micro-step segmentation
consists of inserting pauses after the movement of a specific group
of players during a phase of play. It was hypothesized that expert
soccer players who had already acquired domain-specific knowl-
edge to deal with extraneous cognitive load induced by transient
animation (Kalyuga, 2008; Spanjers et al., 2011), would perform at
the same level, invest the same amount of mental effort and need
the same number of repetitions regardless of the type of presen-
tation. However, novice soccer players would benefit from the
segmented animation by either achieving higher recall scores,
investing less mental effort, requiring fewer repetitions during
learning, or demonstrating a combination of these. We also pre-
dicted that micro-step segmentation would lead to more efficient
learning (i.e., higher/equal learning outcomes would be achieved
with equal/lower mental effort and equal/smaller number of
repetitions) than macro-step segmentation for novices because




A group of 24 novice male soccer players and a group of 24
expert male soccer players volunteered to participate in the
experiment. The novice participants (Mage ¼ 26.22, SD ¼ 2.6) had
never practiced team sports in a club and only participated in
occasional soccer games in physical education classes or with
friends. The experts (Mage ¼ 25.84, SD ¼ 3.2) were all professional
soccer players who had been playing on a top-level team engaged
in a national competition. They had been playing soccer for an
average of 12.7 years (SD ¼ 2.0) for an average of 45 match
competitions (SD ¼ 3.29) per year and trained or played for an
average of 9.54 h (SD ¼ 1.58) per week.
Apparatus and material
The experiment was conducted using an HP Pavilion dv6
computer. The stimuli were presented on a 250 cm 200 cm screen
from a video projection system (Sony VPL EX120 XGA) placed at
a distance of 3 m. The image on the screen was 200 cm  160 cm,
with a 45 viewing angle.
Three different animated soccer offensive plays were designed
in cooperationwith three expert soccer coaches using SimulFoot 3-
D software.1 Each animation contained six offensive players and
a goal keeper. The players performed a tactical combination of play
composed of five passes before shooting on goal. During each pass
(a game phase), many actions were made by players (e.g., motions,
cross, overlaps). Each animation was captured as if it was recorded
by a sideline camera (approximate distance 13 m) in an elevated1 SimulFoot was developed by researchers from the SimGraph team of the
Information Science and Systems Laboratory (LSIS) at Aix-Marseille University.position (approximate height 9 m), with a 20 viewing angle. This
camera position enabled the entire field of play to be viewed.
Besides a non-segmented animation which was presented
without interruptions (32 s of duration), we generated two
different forms of segmented animations: macro-step and micro-
step segmentations. In the macro-step segmentation condition,
the animationwas divided into six segments with five pauses of 2 s
between them. In this version, each of the five passes corresponded
to one step that showed participants the movement of all players.
The last segment was shooting on goal. The duration of this version
was 42 s. In the micro-step segmentation, the animation was
divided into eleven segments with ten pauses of 2 s between them
(one macro-step was made up of two micro-steps). In this version,
each of the five passes corresponded to two different steps. Each
step showed participants only the movement of a small group
composed of two, three or four players. Each micro-step represents
a chunk i.e., a meaningful grouping of players with a specific
function as defined by the same coaches. The duration of this
version was 52 s.
Procedure and task
Participants took part in the experiment individually (45 min).
Each participant was presented successively with the three forms
of animations. The order of the three conditions was counter-
balanced within-groups (all participants were exposed to all
conditions). The procedure consisted of two phases: a study phase
and a test phase.
Study Phase. The participants were instructed to study the
sequence of play to be able to reconstruct it later as accurately as
possible. First, a preparation message (Ready!) was displayed on
the screen for 2 s. As soon as the message disappeared, an anima-
tion of a sequence of play was projected. Once the sequence ended,
the participant had the option of repeating the animation as many
times as he wanted by clicking on the "Repeat" button. When the
participant believed he understood the animation, he had to click
on the "End" button. Animations were not accompanied by any
verbal explanations (written and/or oral). This was done to avoid
the potential influence of modality, redundancy or temporal
continuity effects associated with the simultaneous use of visual
and verbal information (Kalyuga, 2008).
Test Phase. After the study phase for each version of the
animation, the participants were asked to perform two successive
tasks. (i) Evaluate the mental effort invested in studying the
animation on a 9-point subjective Likert rating scale, ranging from
(1) very, very low mental effort to (9) very, very high mental effort
(Paas, 1992; Paas, Tuovinen, Tabbers, & Van Gerven, 2003). (ii)
Reconstruct the situation of play by drawing it on a paper that
contains an empty soccer field, with the same viewing angle as in
the animations (see Fig. 1). The soccer field was divided into five
parts. For each part, players were instructed to reconstruct as
accurately as possible the position of the six players in relation to
the ball already placed in the correct location. In each stage of play,
they have to reproduce the position of the ball carrier, players
located in front of the ball (at the left, the middle or the right), and
players located behind the ball (at the left, the middle or the right).
One point was awarded for each correct answer (correct placement
of a player in the field); zero point was awarded for each wrong
answer (incorrect placement of a player in the field). The scores
could, therefore, range from 0 to 30.
Design
The dependent variables were recall accuracy, number of
repetitions, mental effort and learning efficiency. Instructional
Table 1
Means scores (Standard Deviations) concerning recall accuracy, mental effort,




Recall Accuracy 25.83 (1.79) 26.63 (1.44) 26.17 (1.09)
Mental Effort 3.87 (0.74) 3.13 (0.68) 3.25 (0.68)
Number of Repetitions 4.17 (0.70) 2.96 (0.69) 3.13 (0.74)
Learning Efficiency 0.66 (0.46) 1.27 (0.59) 1.08 (0.46)
Novice
Recall Accuracy 21.08 (0.88) 22.50 (1.35) 24.17 (2.53)
Mental Effort 6.17 (1.13) 5.25 (0.90) 4.58 (0.58)
Number of Repetitions 7.21 (0.83) 6.08 (0.72) 5.17 (0.82)
Learning Efficiency 1.85 (0.63) 0.98 (0.70) 0.17 (0.85)
Fig. 1. Schematic presentation of the empty soccer play.
A. Khacharem et al. / Psychology of Sport and Exercise 14 (2013) 154e160 157efficiency was calculated using Paas and Van Merriënboer’s (1993)
computational approach.





This measure combines standardized z-scores for the test
performance scores with standardized z-scores for the ratings of
mental effort associated with studying the materials. According
to this definition of relative instructional efficiency, a lower
rating of effort combined with higher performance scores would
provide evidence of a more efficient learning condition. The
denominator is used to make the graphical interpretation of the
formula more straightforward by representing the mental effort
and performance z-scores in a cross of axes. The relative effi-
ciency at any point on the diagram can be measured as
the distance from this point to the line of zero efficiency
ðrecallz mental effortÞ.
The data were analyzed using mixed design ANOVAs in
which Condition (continuous, macro-step segmented, micro-
step segmented) was a within-subjects factor, and Expertise
(expert vs. novice) was a between-subjects factor. Greenhousee
Geisser adjusted results were used for the within-subjects factor
and the interaction between the within-subjects factor and the
between-subjects factor. The alpha level for significance was set
at p < .05. To determine the source of any significant effects, for
each dependent variable, three sets of further analyses with set-
wise Bonferroni-adjusted p-values were used. Effect sizes are
reported as partial eta squared ðh2pÞ and Cohen’s mean stan-
dardized differences (ES) for post-hoc comparisons.
Results
Descriptive statistics for recall accuracy, mental effort, number
of repetitions and learning efficiency for novice and expert partic-
ipants are presented in Table 1.
Recall accuracy
The analysis showed a significant effect of Expertise, F
(1,46)¼ 172.65, p< .001, h2p ¼ 79, a significant effect of Condition, F
(1.97, 90.80) ¼ 14.44, p < .001, h2p ¼ 24, and a significant interac-
tion between these two factors, F (1.97, 90.80) ¼ 10.00, p <. 001,
h2p ¼ 18. Post-hoc analyses for the expert group revealed nosignificant differences between the three conditions: continuous/
macro-step segmented, ns, ES ¼ 0.49; continuous/micro-step
segmented, ns, ES ¼ 0.23 and macro-step segmented/micro-step
segmented, ns, ES ¼ 0.36. The expert participants performed at the
same level regardless of the condition in which they were.
However, post-hoc analyses for the novice group showed signifi-
cant differences between the three conditions: continuous/macro-
step segmented, p ¼ .002, ES ¼ 1.25; continuous/micro-step
segmented, p < .001, ES ¼ 1.63; macro-step segmented/micro-
step segmented p ¼ .018, ES ¼ 0.82. It was found that novice
participants performed significantly better in the macro-step
segmented condition and micro-step segmented condition than
in the non-segmented condition. Furthermore, they performed
significantly better in the micro-step segmented condition than in
themacro-step segmented condition. Further analyses showed that
the expert participants had significantly better recall scores than
the novice participants in each of the conditions, continuous,
F (1,46) ¼ 136.61, p < .001, h2p ¼ 75, macro-step segmented,
F (1,46) ¼ 104.80, p < .001, h2p ¼ 69, micro-step segmented,
F (1,46) ¼ 12.64, p ¼ .003, h2p ¼ 22.
Mental effort
The analysis showed a significant effect of Expertise, F
(1.46) ¼ 266.43, p < .001, h2p ¼ 85, a significant effect of Condition,
F (1.77, 81.57) ¼ 21.96, p < .001, h2p ¼ 32, and a significant inter-
action between these two factors, F (1.77, 81.57) ¼ 4.35, p ¼ .020,
h2p ¼ 09. Post-hoc analyses for expert participants revealed
significant differences between conditions: continuous/macro-step
segmented, p ¼ .002, ES ¼ 1.04; continuous/micro-step segmented,
p¼ .024, ES¼ 0.87, but a non-significant difference betweenmacro-
step segmented/micro-step segmented, ns, ES ¼ 0.18. The expert
participants invested more mental effort in studying the contin-
uous condition than in the two segmented conditions. Post-hoc
analyses for the group of novices showed significant differences
between the three conditions: continuous/macro-step segmented,
p ¼ .039, ES ¼ 0.90; continuous/micro-step segmented, p < .001,
ES ¼ 1.77, and macro-step segmented/micro-step segmented,
p ¼ .005, ES ¼ 0.89. The novice participants invested more mental
effort in studying the continuous animation than in studying the
segmented animations. Additionally, they invested more mental
effort in studying the macro-step segmented animation than in
studying the micro-step segmented animation. Further analyses
comparing mental effort invested by the expert and novice
participants showed that in all conditions the novice participants
had to invest significantly more mental effort than the expert
participants, continuous, F (1,46)¼ 69.09, p< .001, h2p ¼ 60, macro-
step segmented, F (1,46) ¼ 85.58, p < .001, h2p ¼ 65, micro-step
segmented, F (1,46) ¼ 53.53, p < .001, h2p ¼ 54.
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The analysis showed a significant effect of Expertise, F
(1.46)¼ 430.17, p< .001, h2p ¼ 90, a significant effect of Condition, F
(1.95, 89.86)¼ 57.99, p< .001, h2p ¼ 56, and a significant interaction
between these two factors, F (1.95,89.86) ¼ 8.15, p < .001, h2p ¼ 15.
Post-hoc analyses for the expert group showed significant differ-
ences between conditions: continuous/macro-step segmented,
p < .001, ES ¼ 1.74; continuous/micro-step segmented, p < .001,
ES ¼ 1.44, but a non-significant difference between macro-step
segmented/micro-step segmented, ns; ES ¼ 0.24. It was found
that the expert group needed more repetitions in the continuous
conditions than in the segmented conditions. Post-hoc analyses for
the novice group showed significant differences between the three
conditions: continuous/macro-step segmented, p < .001, ES ¼ 1.45,
continuous/micro-step segmented, p < .001, ES ¼ 2.47, and macro-
step segmented/micro-step segmented, p < .001, ES ¼ 1.18. It was
found that the novice participants needed more repetitions in the
continuous condition than in the two segmented conditions. Addi-
tionally, theyneededmore repetitions in themacro-step segmented
condition than in the micro-step segmented condition. Further
analyses comparing the number of repetition needed by the expert
and novice participants showed that the novice participants
repeated the animations more often than the experienced partici-
pants in each of the conditions, continuous, F (1,46) ¼ 187.13,
p < .001, h2p ¼ 80, macro-step segmented, F (1,46) ¼ 236.52,
p< .001, h2p ¼ 84, micro-step segmented, F (1,46)¼ 82.30, p< .001,
h2p ¼ 64.
Learning efficiency
The analysis showed a significant effect of Expertise, F
(1.46)¼ 413.14, p< .001, h2p ¼ 90, a significant effect of Condition, F
(1.93,88.81)¼ 33.27, p< .001, h2p ¼ 42, and a significant interaction
between Expertise and Condition, F (1.93,88.81) ¼ 12.63, p < .001,
h2p ¼ 22. The post-hoc analyses for the experts only showed
significant differences between continuous/macro-step segmented
conditions, p ¼ .002, ES ¼ 1.16, and continuous/micro-step
segmented conditions, p ¼ .005, ES ¼ 0.91, but not between
micro-step segmented/macro-step segmented conditions, p ¼ .81,
ES ¼ 0.36. Therefore, for the experts learning was more efficient in
both segmented animations than in the continuous animation. The
post-hoc analyses for the novices only showed significant differ-
ences between all three conditions: continuous/macro-step
segmented, p ¼ .001, ES ¼ 1.31, continuous/micro-step
segmented, p < .001, ES ¼ 2.24, and micro-step segmented/
macro-step segmented, p < .001, ES ¼ 1.04. For the novices, the
micro-step segmented condition was more efficient than the
macro-step segmented condition which in turn, was more efficient
than the continuous condition. Further analyses showed that in all
conditions, learning was more efficient for the experts than for the
novices: continuous, F (1,46) ¼ 249.69, p < .001, h2p ¼ 84, macro-
step segmented, F (1,46) ¼ 146.28, p < .001, h2p ¼ 76, micro-step
segmented F (1,46) ¼ 40.09, p < .001, h2p ¼ 47.
Discussion
This study investigated the effects of levels of learner expertise
and different forms of segmentation in facilitating learning from
animated soccer scenes. In general, the results demonstrate that,
regardless of the format used to present the animated soccer
scenes, the experts demonstrated higher efficiency than the
novices, that is, they obtained better recall scores, invested lessmental effort and needed less repetition. This is consistent with
previous studies on expertise demonstrating the superiority of
expert soccer players in memorization and/or decision-making
tasks when they are tested with realistic, sport-specific tasks (e.g.,
Abernethy, Neal, & Koning, 1994; Araújo, Travassos, & Vilar, 2010;
Pinder, Davids, Renshaw, & Araújo, 2011).
In addition, the results showa positive effect of segmentation on
the learning process of both novices and experts. Novices demon-
strated better recall scores with reduced investment of mental
effort and lower numbers of repetitions when they were presented
with segmented animations than with continuous animations. As
mentioned in the introduction, there are two possible reasons for
the effectiveness of segmentation for novices. First, pauses inter-
spersed between segments provide additional time to process
information and thus reduce the probability of a cognitive overload.
Second, segmentation divides animation into meaningful pieces of
informationwhich can help learners to distinguish the key stages in
the situation of play (temporal cueing: Spanjers et al., 2010).
However, unlike our predictions and the results reported by
Spanjers et al. (2011), expert soccer players benefited from the
segmented animations as well. Despite performing at the same
level on the recall test under the three conditions, they invested
less mental effort and repeated the animation less often in the two
segmented conditions. It is possible that the experimental mate-
rials used by Spanjers et al. (2011) were not sufficiently complex for
more advanced learners whowere able to copewith the constraints
of the animations. Besides, since expert soccer players may develop
dynamic perception of play situations due to extensive practice
(Didierjean & Marmèche, 2005), it is also conceivable that pauses
prompted them to predict/anticipate (e.g., Carling, Reilly, &
Williams, 2008; Stratton, Reilly, Williams, & Richardson, 2005)
and/or to plan (Johnson & Raab, 2003; Poplu, Baratgin, Mavromatis,
& Ripoll, 2003) futuremovements of players in the next segment. In
this case, information presented in the next segment might provide
explicit visual feedback to which these learners could compare
their predictions or planning. Even though these activities might
generate additional intrinsic cognitive load, this is a productive load
that would increase germane resources thus facilitating learners’
understanding of the sequence of play.
Finally, the results show significant interactions between levels
of learner expertise and forms of presentation for recall scores,
mental effort, and the number of repetitions. Expert soccer players
obtained the same recall scores regardless of the condition in
which they were, while novice soccer players achieved higher
scores in the segmented conditions than in the non-segmented
conditions and higher scores in the micro-step segmented condi-
tion than in the macro-step segmented condition. In regard to
mental effort ratings and the number of repetitions, it was found
that expert soccer players invested the same mental effort and
needed the same number of repetition in the two segmented
animations, while novice soccer players invested less mental effort
and needed fewer repetitions in the micro-step segmented
animation than in the macro-step segmented animation. Hence,
evidence for the occurrence of an expertise reversal effect with
segmentation method as well as with different forms of segmen-
tation was found.
Micro-step segmented animationswere found to support novice
participants more than macro-step segmented animations. Micro-
step segmentations provided novices with more pauses and
consequently, with less information to be processed in WM
concurrently. By limiting the quantity of information presented and
interactions between elements of information in each segment, less
cognitive resources were required at each moment in time to
construct a mental model of the soccer scene. Hence, the
segmentation supports learners in coping with the transience of
A. Khacharem et al. / Psychology of Sport and Exercise 14 (2013) 154e160 159the animation. Besides, micro-step segmentation allows high-
lighting different meaningful pieces in each phase of play, which
may help novice players to structure and organize information
in LTM.
Although the cognitive load theory seems to be very influential
in a variety of educational domains such as mathematics, science,
accountancy and language (Sweller et al., 2011), there hardly have
been any studies in the sport-related fields that have used it as
a theoretical framework. Besides, participants in most of preceding
studies were students ranging from primary school to university
levels. The number of studies involving actual experts in corre-
sponding domains is very restricted and definitely needs to be
extended. This paper adds one more study to this number. Also,
contrary to previous studies of segmentation (e.g., Boucheix &
Schneider, 2009; Hasler et al., 2007; Mayer & Chandler, 2001;
Mohamad Ali, 2010; Moreno, 2007; Spanjers et al., 2011, 2012), we
used a within-subjects design with counterbalanced treatments
rather than a between-subjects design. There are two explications
for this choice. First, awithin-subjects designwith counterbalanced
treatments may be more effective because it can control the
amount of variability caused by individual differences. Second,
considering the difficulty of obtaining professional soccer experts
as participants, this design is more economical (requires fewer
participants).
A limitation of this study was that the pauses inserted between
segments led to a difference in study time between the three
versions. The participants in the micro-step segmented version
studied animations with a longer total duration than the partici-
pants in the other two versions, and the participants in the macro-
step segmented version studied animations with a longer total
duration than the learners in the continuous version. This does not
imply, however, that this difference in learning timemight have led
to the differences in learning outcomes. Because the participants
decided themselves whether and when to start the animations,
theywere given the possibility to take extra time after the complete
animations. However, the statement that segmentation supports
learning is more specific, as it predicts positive effects of giving
learners extra time after each segment rather than after complete
animations. Pauses after the complete animations may be ineffec-
tive, or less effective in reducing the cognitive load imposed on the
participants than pauses after small pieces (segments). Addition-
ally, pauses after the complete animation do not highlight the
macro- and micro-events in the animations. Nevertheless, the
effect of these differences in learning time should be taken into
account in future studies.
Future studies should also uncover how and where soccer
players with different levels of expertise distribute their gaze on the
screen during the pauses in order to understand why the different
forms of segmentation have different effects. This can be done
using an eye-movement registration technique (e.g., Jarodzka,
Scheiter, Gerjets, & van Gog, 2010; see also Van Gog & Scheiter,
2010). On the basis of previous studies on the anticipation
processes (e.g., Didierjean & Marmèche, 2005), it could be pre-
dicted, for example, that during the pauses, experts would allocate
their visual attention to the probable (future) position of players in
the next step. Conversely, novices would allocate their attention to
the previous step in order to mentally represent the former posi-
tion of players and compare it with their present position. Addi-
tionally, it would be interesting to investigate the effect of adding
a task of recollecting details of the previous step and/or a task of
predicting the next step during the pauses on learning outcomes
(Paas, Van Gerven, & Wouters, 2007). Besides, a number of studies
have measured the invested mental effort not only after the study
phase, but also after the test phase (e.g., Kester, Kirschner, & Van
Merriënboer, 2006; Paas et al., 2007). As mentioned by Van Gogand Paas (2008), the combination of performance and mental
effort after the test phase could be considered as an indicator of
learners’ achieved level of expertise (i.e., the quality and the
quantity of the constructed schemas), and hence, this measure-
ment could also be used outside instructional contexts in order to
assess levels of expertise in the field (Van Gog, Paas, & Van
Merriënboer, 2005). Thus, this measurement should also be used
in future research in this domain. Finally, this study demonstrated
that simulated animations of soccer scenes captured efficiently the
essence of domain-specific knowledge during task achievement.
However, employing such visual representations does not offer
a valid ecological context to elucidate how training cognitive-
perceptual aspects (i.e., from animations) influence the player’s
physical behavioremotor actionein real condition. As such,
examination of findings of this study in real competitive situations
(i.e., under field conditions) is recommended.
The present findings have important implications for educa-
tional practice, in the sense that they encourage coaches to use
different forms of segmentation to support the tactical learning of
learners with different level of expertise. These types of visual
representations facilitate the integration of the exact players’
positions that learners will have to reproduce and perform later
when on the field. In summary, this study underlines the benefit of
employing different forms of segmentation in improving learning
from an animated soccer scene, as well as the need to consider
levels of player expertise when selecting appropriate forms of
segmentation. Novice players may benefit more from micro-step
segmentation than from macro-step segmentation or no segmen-
tation and more from macro-step segmentation than from no
segmentation, while expert players may benefit similarly from both
types of segmentation.References
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